Core collections are envisioned to be a representative subset of larger germplasm collections. They were introduced to facilitate the characterization and use of these germplasm collections. The common bean (Phaseolus vulgaris L.) core collection of the USDA Western Regional Plant Introduction Station was one of the first collections to be established in the early 1990s. Here, we evaluate the representativity of this common bean collection in light of the availability of a single nucleotide polymorphism (SNP) platform and new information about genetic diversity of the species, including phaseolin and seed type data. The SNP diversity was studied with a combination of STRUCTURE, principal coordinate analysis (PCoA), and neighbor-joining analysis (NJA). STRUCTURE analyses were conducted for K (number of subpopulations) = 3 and K = 7, based on the ad hoc statistic K. The K = 3 analysis recognized the split between Andean and Mesoamerican domesticates and the subdivision of the Mesoamerican domesticates into high-(Durango/Jalisco) and low-altitude (Mesoamerica) ecogeographic races. The K = 7 analysis further subdivided the Andean group identified for K = 3, as well as the high-altitude group from the Mesoamerican gene pool. It also identified smaller groups consisting of Mesoamerican wild beans. The PCoA and NJA confirmed the STRUCTURE results and highlighted the existence of presumed hybridization among groups. Our results suggest that this core collection should be updated by adding domesticated categories, developing a separate wild common bean core collection, and developing cores for specific purposes.
food legumes, fixes N symbiotically and thus complements other crops as a source of N in cropping systems (Hardarson et al., 1993; Ehrmann & Ritz, 2014 ).
An essential condition for the efficient conservation and use of crop genetic resources is a better understanding of the organization or -structure‖ of genetic diversity of the crop species, including its wild and domesticated forms (Gepts, 2000 (Gepts, , 2014a (Gepts, , 2014b Hufford, Berny Mier y Teran, & Gepts, 2019) . In common bean, a wide range of molecular markers has been used to characterize its genetic diversity, including phaseolin seed protein (Gepts & Bliss, 1985; Gepts, Osborn, Rashka, & Bliss, 1986) , allozymes (Koenig & Gepts, 1989; Singh, Nodari, & Gepts, 1991) , restriction fragment length polymorphism (RFLP) (Becerra Velasquez & Gepts, 1994) , randomly amplified polymorphic DNA (RAPD) (Freyre, Ríos, Guzmán, Debouck, & Gepts, 1996) , amplified fragment length polymorphism (AFLP) (Tohme, González, Beebe, & Duque, 1996; Papa, Acosta, Delgado-Salinas, & Gepts, 2005; Papa et al., 2007) , simple sequence repeat (SSR) Blair, Soler, & Cortés, 2012) , single nucleotide polymorphism (SNP) (Hyten et al., 2010; Ariani, Berny Mier y Teran, & Gepts, 2016 , 2018 , and DNA sequences (Kami, Becerra Velásquez, Debouck, & Gepts, 1995; Nanni et al., 2011; Bitocchi et al., 2012; Mamidi et al., 2013; Schmutz et al., 2014; Rendón-Anaya, Montero-Vargas, et al., 2017) .
These different approaches have revealed essential features of the organization of genetic diversity (Figure 1) . First, the primary gene pool of wild common bean consists of three geographically and genetically diverged gene pools: Mesoamerica (Mexico, Central America, the Andes of Colombia, and Venezuela) vs. central Andes (northern Peru and Ecuador) vs. southern Andes (Argentina, Bolivia, and southern Peru) (Koenig & Gepts, 1989; Debouck, Toro, Paredes, Johnson, & Gepts, 1993; Freyre et al., 1996; ; Rendón-Anaya, Montero-Vargas, et al., 2017) . The wild gene pool in the central Andes has since been reclassified from P. vulgaris to P. debouckii A. Delgado based on the age of its divergence, its distinct metabolomic profile, and the existence of ancestral sequences (Figure 1 ; Kami et al., 1995;  Rendón-Anaya, Herrera-Estrella, Gepts, & Delgado-Salinas, 2017; Ariani et al., 2018) . The wild gene pools in the central Andes and southern Andes resulted from longdistance dispersal events some 500,000 and 100,000 yr ago, respectively (Ariani et al., 2018) . Culturally independent domestications in Mesoamerica and the southern Andes from these diverged wild populations led to distinct domesticated gene pools Kwak, Kami, & Gepts, 2009) . Second, the current levels of genetic diversity reflect past events before, during, and after domestication, with lower diversity in the two Andean wild gene pools compared with the Mesoamerican one and lesser diversity in the domesticated gene pools compared with their respective ancestral ones Bitocchi et al., 2013; Mamidi et al., 2013; Ariani et al., 2018) . Third, further divergence within the two major domesticated gene pools has led to the development of ecogeographic races, three each in the Andean and Mesoamerican gene pools (Singh, Gepts, & Debouck, 1991) , with a potential fourth in the Mesoamerican gene pool (Beebe et al., 2000; Díaz & Blair, 2006) . The Mesoamerican and Andean gene pools in their centers of domestication are subject to gene flow with their respective wild ancestral forms, which results in feral or weedy local populations. The gene flow, although detectable with molecular markers, does not overcome selection in wild populations; thus, the wild phenotype is maintained in these populations (Beebe, Toro, González, Chacón, & Debouck, 1997; Papa & Gepts, 2003; Papa et al., 2005 Papa et al., , 2007 . Two of the domesticated ecogeographic races (Jalisco from the Mesoamerican gene pool and Peru from the Andean gene pool) have limited representation in temperate areas, presumably because of unfavorable photoperiod  temperature interactions that delay flowering ( Figure 1 ; e.g., Zeven, 1997; Zeven, Waninge, van Hintum, & Singh, 1999) .
Phaseolus genetic resources are conserved in many collections around the world. In addition to the world collection housed at the Centro Internacional de Agricultura Tropical (CIAT; Cali, Colombia), which counts some 38,000 accessions (https://ciat.cgiar.org/whatwe-do/crop-conservation-and-use/bean-diversity/ [accessed 4 Feb. 2019]), one of the largest collections is held by the USDA Western Regional Plant Introduction Station at Pullman, WA, USA, with some 17,940 accessions of Phaseolus sp. and 14,075 of P. vulgaris (https://npgsweb.ars-grin.gov/gringlobal/search.aspx [accessed 4 Feb. 2019] ). To address the logistical difficulties associated with the characterization and evaluation of collections of such large size, the concept of core collection was introduced by O. Frankel and further developed by A. H. D. Brown (Brown, 1989; Hodgkin, Brown, van Hintum, & Morales, 1995; Brown & Spillane, 1999) . Core collections consist of 5-10% of the collection at large and are representative-qualitatively and quantitatively-of this collection. They are meant to constitute an entryway to the larger collection; variations of the core collection approach have been proposed such as collection focused on a specific region (e.g., Chile; Paredes, Becerra Velásquez, Tay Urbina, Blair, & Bascur, 2010), trait (e.g., determinacy; Kwak, Toro, Debouck, & Gepts, 2012) , type of material (e.g., wild vs. domesticated; Tohme et al., 1996) , or mini-core collections (Brown & Spillane, 1999; Gepts, 2006; Upadhyaya, Wang, Gowda, & Sharma, 2013) .
In this article, we present the results of an analysis of the genetic diversity of a USDA core collection of common bean with a SNP chip platform of some 5400 markers distributed over the 11 chromosomes (Pv01-Pv11) of the species (Song et al., 2015) . This collection was previously analyzed with SSR markers (McClean et al., 2012) . In the discussion, we compare the results of these two studies and examine the representativity of this core collection in light of the several studies cited above that have examined the genetic diversity of wild and domesticated common bean.
MATERIALS AND METHODS

Plant Material
The current core collection for common bean held at the Western Regional Plant Introduction Station of the USDA in Pullman, WA, is an amalgamation of an original collection focused mainly on Mesoamerican gene pool accessions (n = 224) with a subsequent addition of Central (n = 101) and South American (n = 97) accessions for a total of n = 422 (USDA-ARS, National Genetic Resources Program, Germplasm Resources Information Network [GRIN], [Online Database] National Germplasm Resources Laboratory, Beltsville, MD. Available: https://www.ars-grin.gov/npgs/cgc_reports/phascgc.htm [accessed 23 Nov. 2019]). Plants were grown in the greenhouse to produce leaf tissue for DNA extraction. One plant per accession was analyzed because the emphasis was on determining genetic diversity patterns across broad groups of accessions, rather than within accessions. For various reasons, including photoperiod sensitivity and other causes of lack of adaptation University of California, Davis, greenhouse conditions, only 363 entries of the core collection could be studied. A subset of these 363 accessions is also maintained at the Genetic Resources Unit (GRU) at CIAT (Cali, Colombia). The database maintained by the GRU was used to retrieve, when available, seed photos and information on the type of phaseolin seed protein of share accessions (https://genebank.ciat.cgiar.org/genebank/language.do?collection=bean).
Each USDA accession was planted in the greenhouse and tissue from the first trifoliate leaf was harvested, freeze dried, and ground into powder via bead beating. DNA from each accession was extracted with QIAGEN DNeasy Plant Mini Kit and quantified with the 260/280 and 260/230 absorbance ratios (optimal ratios of 1.7-1.9 and 2.0-2.2), respectively, with the NanoDrop. To assess overall quality of the genomic DNA, 5 l of DNA was run using standard gel electrophoresis. Only high-quality genomic DNA with concentrations >100 ng l −1 and with no evidence of DNA degradation or protein or RNA contamination was used for SNP genotyping.
SNP Genotyping
Bean DNA samples were genotyped with the Illumina BARCBean6K_3 Infinium SNP array (Song et al., 2015) , which allows the analysis of 5398 SNP markers distributed across the 11 pairs of common bean chromosomes. The BACBean6K_3 BeadChips were scanned with the Illumina BeadStation 500G. The SNP calling was conducted with the genotyping module V2011.1 of the GenomeStudio software (Illumina). The SNP dataset is publicly available, as it has been deposited in the University of California, Davis, Library Dash database of the California Digital Library (https://doi.org/10.25338/B8KP45) (Gepts, Kuzay, & Hamilton, 2019) .
Genetic Diversity Analyses
To distinguish the different subpopulations within the 363 accessions, an analysis of the SNP data was performed using the programs STRUCTURE (Pritchard, Stephens, & Donnelly, 2000; Falush, Stephens, & Pritchard, 2003) and GenAlEx (Peakall & Smouse, 2012) to determine population structure and principal coordinate analysis (PCoA), respectively. Per methods in , STRUCTURE was run at five simulations per K value (number of subpopulations) from K = 2 to K = 7 using the admixture model with 500 replicates for burn-in and 5000 replicates during the analysis. STRUCTURE Harvester (Earl & von Holdt, 2012) was then used to identify the optimum K values with the maximum Delta statistical test. For each optimal K value, membership coefficients with the lowest likelihood value were used to assign the accessions to the subpopulations ). The STRUCTURE plots generated from this analysis were bar graphs developed in Excel 2010. Analysis of the genetic relatedness among different accessions was visualized in a PCoA plot using the GenAlEx program 6.501 (Peakall & Smouse, 2012) program in Excel 2010. Membership in the K number of groups or subpopulations was determined by membership coefficient values above .80. Accessions with multiple membership coefficients below .80 were not assigned to a specific subpopulation. To further resolve separation across the proposed subpopulations, SNP data for all accessions were used to generate a neighbor-joining tree using Molecular Evolutionary Genetics Analysis version 5 (MEGA5) (Tamura et al., 2011) . Within MEGA5, a neighbor-joining algorithm uses a matrix of pairwise distances estimated using the Tamura and Nei (1993) model to generate this evolutionary tree.
RESULTS
SNP Diversity
The BARCBean6K_3 Infinium SNP array includes 5398 functional SNP markers (Song et al., 2015) . Because our sample consisted of 363 entries, the total number of data points was 1,959,474. Of these, 780,306 (or 40%) were A alleles and 1,039,690 (or 53%) were B alleles. The number of missing or heterozygous data points was 139,478 (or 7%). Over 80% of SNPs had <10% missing data (Supplemental Figure S1 ).
STRUCTURE Analysis
A preliminary analysis of the data with the Evanno, Regnaut, and Goudet (2005) test showed two peaks in the K value, a major one at K = 3 and a minor one at K = 7 (Supplemental Figure S2 ). Hence, we conducted further analysis and interpretation for these two K values.
Structure Analysis for K = 3
For K = 3 (Table 1) , it was possible to determine the general identity of the three populations based on current data and results from previous studies (Singh, Nodari, & Gepts, 1991; Pallottini, Garcia, Kami, Barcaccia, & Gepts, 2004) . Two-thirds of Population K3.1 (Figure 2A , n = 79) originated primarily from Andean countries and had large seed weights (on average, >50 g 100 seed −1 ), based on information available from the database maintained by the GRU at CIAT (Cali, Colombia) (https://genebank.ciat.cgiar.org/genebank/language.do?collection=bean, [accessed 18 Oct. 2014]). This same database also showed that accessions in this group had predominantly an Andean phaseolin protein electrophoretic type (T or C; ). An exception to this pattern was accession G18971, a climbing accession with small, black seeds and an Sd phaseolin type, of Mesoamerican origin (Koenig, Singh, & Gepts, 1990) . Consistent with the large seed size and the Andean geographic origin, many of the member accessions of Population K3.1 had elongated seeds characteristic of race Nueva Granada (Singh, Gepts, & Debouck, 1991; Supplemental Figure S3 ). Population K3.2 (Figure 2A , n = 89) had a predominantly Mesoamerican origin (77 of 89 accessions or 85%). This population was widespread in Mexico and Central America, with more limited representation in the northern Andes. Average seed size was small (25 g 100 seed −1 ) in Mesoamerica and Colombia. Aside of one accession in Ecuador, no other Andean countries were represented in this population. Most accessions for which this data were available from the CIAT GRU database showed an -S‖ or -Sd‖ phaseolin type, of Mesoamerican origin. Three accessions from Nicaragua (G2070, G2078, and G2084) showed a -CH‖ phaseolin type, originating among Colombian wild beans ). The majority of accessions had dark red or matte black seeds, with the exception of a few accessions with lighter-colored seeds (Supplemental Figure S3 ).
In Population K3.3 (Figure 2A ), close to 90% of accessions came from Mexico. The rest came from Central American countries and Colombia. Seed size was small (<30 g 100 seed −1 ), except in Mexico where seeds were medium sized (average of 35 g 100 seed −1 ). All accessions for which this data type was available showed a Mesoamerican phaseolin type, mostly -S,‖ but also -Sb‖ and -Sd‖ (Koenig et al., 1990) . Two accessions showed a phaseolin type normally observed in wild types, G878 (-M1,‖ from Hidalgo state) and G2494 (-M,‖ from the state of Oaxaca). Striking in this population was the higher frequency of accessions with tan-or yellow-colored seeds.
Accessions included in Populations K3.1 to K3.3 all had membership coefficients in their respective populations >80%. Accessions with lower membership coefficients amounted to some 20% of our total sample. This -hybrid‖ group was actually quite diverse based on seed weight, seed phenotypes, and phaseolin types (Figure 2A , Supplemental Figure S3 , Supplemental Table S1 ). In particular, it included a group of some 10 wild beans (e.g., Supplemental Figure S3 ; from 276_PI 318695_G12864 to 304__PI 325691_12883).
Structure Analysis for K = 7
In the K = 7 STRUCTURE analysis, Population K7.1 included 14 accessions distributed exclusively in Mexico and some Central American countries ( Figure 2B , Table 2 ). There were no accessions from Andean countries. Seeds were small (26 g 100 seed −1 ) and predominantly black (Supplemental Figure S4 ). The large (n = 90) K7.2 group ( Figure 2B ) was distributed in Mesoamerica, as well as in the Andes (from Colombia to Peru). In Mesoamerica, seeds were small and comparable in size to the K7.1 group (25 g 100 seed −1 ), whereas in the Andes, seeds were medium sized (36 g 100 seed −1 ). Most seed colors were red or black, the latter being non-shiny (Supplemental Figure S4 ). The K7.3 group ( Figure 2B ) was small and consisted of five wild lines from Mexico with an average seed weight of 3 g 100 seed −1 . Seed colors included gray mottled on cream background as well as cream-tan, usually observed among wild beans. Group K7.6 ( Figure  2B ) contained five wild lines from Mexico, with larger seeds (12 g 100 seed −1 ), but still below the smallest domesticated seed weight (~19-20 g 100 seed −1 ). Group K7.4 ( Figure 2B , n = 14) was a predominantly Andean group with representatives from Ecuador and Peru with large seeds (average of 53 g 100 seed −1 ) ( Table 3) . Photos of only two accessions were available from the CIAT database, which showed both accessions with roundish seeds and vivid colors, either red or blackish striping over light-cream color (Supplemental Figure S4) . In contrast, group K7.5 ( Figure 2B ) consisted of 52 accessions from Mesoamerica and two from Colombia. The average seed weight was intermediate between small and medium seeded (around 31 g 100 seed −1 ). It included mostly accessions with seeds that were cream to tan colored. The exceptional black-colored seeds were shiny in contrast with the smallseeded, dull black accessions found in group K7.2 (Supplemental Figure S4 ). Group K7.7 ( Figure 2B ) was distributed predominantly in the Mesoamerican region (16 entries), but it also included four accessions distributed in the Andean region of Colombia, Ecuador, and Peru. In contrast with group K7.5, accessions of this group had large seeds (average of >47 g 100 seed −1 ) even in the Mesoamerican region. Seeds were typically elongated of varying color, including red, yellow, or red or purple mottled (Supplemental Figure S4 ). Finally, the largest group (n = 155) was the group with membership coefficients below .80 in any of the previous groups. This group was distributed in the Andean and Mesoamerican regions. Average seed weights were higher in the Andean region (46 g 100 seed −1 ) than in the Mesoamerican regions (32 g 100 seed −1 ).
Neighbor-Joining Analysis
The neighbor-joining tree clarified the separation among the different groups identified by the STRUCTURE analysis. For K = 3 (Figure 3) , a major gap separated K3.1 from K3.2 and K3.3. K3.1 was distributed for two thirds in the Andes but also included representatives from Mesoamerican countries. The groups K3.2 and K3.3 were closer together than either was to K3.1. Furthermore, the group K3.OTHER with membership coefficients below .8 was located in an intermediate position providing some evidence that their low membership coefficient could be due to hybridization among the different groups, either between K3.2 and K3.3, or between these two groups and K3.1. Furthermore, a small group of accessions located in the neighbor-joining tree between group K3.1, on one hand, and groups K3.2 and K3.3, on the other hand, showed more marked divergence than the other K3 groups. K3.Other included two accessions (22 and 24) with small (22 to 23 g 100 seed −1 ), black seeds, one each from Guatemala and Peru, and a S or Sd phaseolin (Koenig et al., 1990) , three accessions from Colombia (58, 59, and 336) with large seeds (45-56 g 100 seed −1 ) and Andean Koenig et al., 1990) phaseolin types, and one additional accession from Peru (266) with medium-sized seeds (33 g 100 seed −1 ).
For K = 7 (Figure 4) , the K3.1 group was further subdivided into groups K7.4, K7.7, and K7.OTHER, whereas group K3.2 remained largely intact in group K7.2. Group K3.3 was subdivided into groups K7.1 and K7.5. The K3.OTHER group remained largely intact, but two smaller groups, K7.3 and K7.6, were separated from the larger group, and in a position that was intermediate between Andean and Mesoamerican groups, but closer to the latter. Each of these contained exclusively wild common bean accessions showing a mix of graybrown mottled or cream-colored small seeds (Supplemental Figure S4) .
Principal Coordinate Analysis
The PCoA provided separation along the first axis (72% of the total variance) into a tightly knit group (corresponding to group K3.1), on the one hand, and a more diffuse group (corresponding to groups K3.2 and K3.3), on the other (Figure. 5) . The groups K.2 and K3.3 were well separated along the second principal coordinate (13% of the variance). The K3.OTHER group, with membership coefficient in any of the STRUCTURE groups below .8, was located within the coordinate space defined by the three STRUCTURE groups but generally did not overlap with these groups.
When the topology of the PCoA was examined in light of the K = 7 STRUCTURE analysis, the two groups identified with the K = 3 analysis along the second axis were still well defined. However, the tightly knit group along the first axis appeared to be more heterogeneous. The K7.OTHER now not only occupied space in between the other K7 groups, but also showed a significant overlap with these groups.
DISCUSSION
Identity of the Groups Identified in this Study
The identity of groups on the basis of SNP variation with the STRUCTURE software (Pritchard et al., 2000) can be described further using data on geographic distribution, seed type (color, color pattern, size, and shape), and phaseolin seed protein electrophoretic types. The latter two types of data were obtained from the CIAT GRU website.
For K = 3, the three groups showed differential geographic distribution. Group K3.1 was of Andean origin, based on its primary distribution in Andean countries, its large seed weight (>50 g 100 seed −1 , Table 1 ), and the high frequency of Andean electrophoretic types for phaseolin seed protein (Koenig et al., 1990 ; Supplemental Table S1 ). The Mesoamerican representatives in this group are probably the result of introduction of Andean types into Mexico and Central America. Such observations have been made before . Furthermore, the predominance of elongated seeds (Table 1, Supplemental Figure S3 ) suggests that this Andean group largely represents the ecogeographic race Nueva Granada (Singh, Gepts, & Debouck, 1991) .
In contrast, groups K3.2 and K3.3 were of Mesoamerican evolutionary origin based on their geographic provenance. Both groups were represented in Mexico and Central America but were also distributed in the northern Andes. K3.2 was more abundantly represented in the Central American countries, as well as Colombia and Ecuador. K3.3 was only present in some of the Central American countries (Guatemala, El Salvador, and Nicaragua) and
Colombia, suggesting a distribution focused primarily in Mexico (n = 99, Table 1 ). The relative distribution of the two groups in Mexico, Central America, and the northern Andean countries of Colombia and Ecuador, as well as seed type (seed weight [ Table 1 ], seed color [Supplemental Figure S3 ]) and phaseolin types (Supplemental Table S1 ), suggest that group K3.2 represents ecogeographic race Mesoamerica, adapted to warmer, more humid lowlands, whereas group K3.3 represents the ecogeographic race Durango, adapted to drier highlands, and potentially also Jalisco, adapted to the more humid highlands. Inspection of seed types in Supplemental Figure S3 suggests, however, reciprocal gene flow between groups K3.2 and K3.3, as might be expected between two conspecific, largely sympatric groups.
Group K3.Other included a mixture of different seed types also seen in the groups discussed above, as well as several wild P. vulgaris accessions. Their low membership coefficients (<.80) suggest hybridization among domesticated types or a more distant relationship for the wild beans present in this group.
For K = 7, two of the three K3 groups (K3.1 and K3.3) were subdivided into smaller groups, whereas the K3.2 group remained unsubdivided. The Andean group K3.1 was subdivided into two groups: K7.4 and K7.7. Based on seed type (color, shape, and size; Supplemental Figure S4 ) and phaseolin type ( Supplemental Table S2 ), these two groups were Andean in origin. With one exception, group K7.4 originated in Ecuador and Peru. The seeds were large, especially in Ecuador (Table 1) , and round shaped, suggesting they may be representatives of race Peru (Singh, Gepts, & Debouck, 1991; Supplemental Figure S4 ). In contrast, K7.7, although Andean, was mainly distributed in Mexico and Central America. As stated above, accessions of K7.7 represent introductions of Andean bean varieties in the Mesoamerican bean area. The predominant seed type was large and elongated, characteristic of race Nueva Granada (Singh, Gepts, & Debouck, 1991) . The remaining K3.1 members, not included in groups K7.4 and K7.7, were included in group K7.Other with membership coefficients below .80. Group K3.2 was not subdivided further under K = 7 (group K7.2), reflecting the distinctiveness and homogeneity of this group, generally characterized by small, dull black, or red seeds, and indeterminate, upright bush plant types (Singh, Gepts, & Debouck, 1991; Supplemental Figure S4 ). Group K3.3, under K = 7, was further subdivided into two groups, K7.1 and K7.5. The geographic distribution of these two groups differed in that K7.1 was present in Mexico but included a relatively important representation in the northern countries of Central America (Guatemala, Honduras, and Nicaragua). K7.5, on the other hand, was distributed almost entirely in Mexico. Inspection of the seed types of these two groups suggests that K7.5 represents ecogeographic race Durango of the northern, more arid highlands of Mexico. The identity of the K7.1 group is undetermined at this stage. It could include representatives of races Jalisco (Singh, Gepts, & Debouck, 1991) or Guatemala (Beebe et al., 2000; Díaz & Blair, 2006) , of the more humid highlands of Mexico and Central America. (Pritchard et al., 2000; Falush et al., 2003) . Two additional groups were defined in the Andean and Mesoamerican gene pools for those accessions whose ancestry was lower than 70% in any of the respective gene pools.
Comparison between SSR and SNP Analyses
We compared the population subdivisions in the current and McClean et al. (2012) studies were comparable (Tables 4 and 5, for K = 3 and K = 7, respectively). Different groups identified by McClean et al. (2012) as belonging to both the Andean and Mesoamerican gene pools were classified in this study as being Andean (Table 4 , group K3.1). A similar observation can be made for groups K3.2 and K3.3; nevertheless, one can observe that a higher frequency (n = 14) of the MA:CA group (Central American entries of the Mesoamerican gene pool) corresponds to the K3.2 group, which represents race Mesoamerica. Similarly, one observes that a higher frequency of the MA:N-Mx (northern Mexico) and MA:SC-Mx (south-central Mexico) (n = 11 and n = 14, respectively) corresponds to the K3.3 group (races Durango/Jalisco) (Table 4 ). For the comparison with K = 7 subdivisions, the distribution shows a reduced number of Andean materials between K = 3 (n = 17) and K = 7 (n = 6), because of a reclassification in the current study of Andean to Mesoamerican materials. Furthermore, there was a general correspondence between the Mesoamerican domesticated groups identified in the two studies. For example, the McClean et al. (2012) groups MA:N-Mx (n = 7) and MA:SC-Mx (n = 5), from northern and southcentral Mexico, respectively, corresponded mainly to group K7.5 (races Durango/Jalisco) of the current study. Groups MA:CA (n = 14, Central America) and MA:N-SA (n = 3, northern South America) corresponded to group K7.2 (race Mesoamerica) ( Table 5) .
Evidence for Hybridity of Part of the Germplasm
The STRUCTURE analysis provides an opportunity to assess potential hybridity of accessions and the group membership of the putative parents, as distinct from common ancestry.
For the K = 3 analysis (Table 3A) , the -purest‖ group was K3.1 (Andean), based on the highest average posterior membership assignment value (henceforth membership value). The least pure was K3.3 (races Durango/Jalisco), with K3.2 (race Mesoamerica) in an intermediate position. The contributions from other groups were as follows. For K3.1, equally small contributions originated in groups K3.2 and K3.3, consistent with the contrasting origins of K3.1 (Andean) and K3.2 and K3.3 (Mesoamerican). K3.2 received contributions primarily from K3.3, consistent with the Mesoamerican nature of the two groups, but much less from K3.1, an Andean group. K3.3 received contributions from both K3.2, also a Mesoamerican group, but also from K3.1, in spite of the Andean nature of the latter. This observation suggests that members of the K3.3 group may be better combiners in crosses with other bean genotypes (as observed by Singh, Molina, Urrea, & Gutiérrez, 1993; Singh, Morales, Miklas, & Teran, 2000) .
For the K = 7 analysis (Table 3B) , the -purest‖ group was K7.2 (race Mesoamerica), followed in decreasing order by K7.5 (races Durango/Jalisco, Mexican accessions), K7.3 (Mexican wild beans with small seeds), K7.6 (Mexican wild beans with larger seeds), K7.4 (Andean beans from Ecuador and Peru), K7.1 (races Durango/Jalisco, Mesoamerican accessions), and K7.7 (Andean beans introduced into Mexico and Central America). As noted before for K = 3, the race Mesoamerica group shows little evidence of outcrossing with other groups. They appear to be a well-defined group with little affinity for other groups. Furthermore, breeding within this group (intraracial crosses) provide limited advance from selection (Singh et al., 1993) , suggesting little intraracial diversity.
For each K = 7 group (Table 3B) , contributions from other groups were generally predictable based on the genetic relatedness (Andean vs. Mesoamerican). K7.1 received more contributions from K7.5, the other races Durango/Jalisco group. This observation suggested that common ancestry rather than hybridization may be responsible for the similarity between K7.1 and K7.5. Additional contribution was made by K7.2 (race Mesoamerica). Consistent with the well-defined nature of the K7.2 group and the lack of further subdivision between K = 3 and K = 7, no group contributed more than 0.037 (group K7.1, race Durango/Jalisco, from Mexico). In group K7.3, the largest contribution was made by K7.6, the other group with wild beans from Mexico, providing another example where lower membership coefficients were due to common ancestry rather than hybridity. Group K7.7 made the largest contribution to K7.4, probably due to shared ancestry between these Andean groups. A similar picture was provided by K7.5, which received its largest contribution from K7.1, the other races Durango/Jalisco group, distributed in Mexico and Central America. In group K7.6, the largest contribution was not made by K7.3, the other group containing wild types, but by K7.5 (races Durango/Jalisco) distributed mainly in Mexico. This may suggest gene flow from domesticated to wild types, as suggested by Papa and Gepts (2003) and Papa et al. (2005) . Finally, in group K7.7, the largest contribution was made by K7.4 (Andean), due to common ancestry. Other relatively important contributions made by domesticated Mesoamerican domesticated groups. The smallest contributions was made by the two wild groups.
Representativity of the Core Collection
In general, there was a correspondence between the SSR analysis of McClean et al. (2012) and the current SNP-based analysis. The two studies identified the major separation in the Andean and Mesoamerican geographic gene pools and further subdivisions of the Mesoamerican gene pool into ecogeographic races, such as race Mesoamerica and races Durango/Jalisco, which had been identified previously (Singh, Gepts, & Debouck, 1991; . Concordance in membership of the different groups between the two studies may be lacking because different markers were used. Group K3.1 largely represented race Nueva Granada of the Andean gene pool, based on the large, elongated seeds observed for many members of this group. Group 7.4 potentially represented race Peru. However, this race is rarely found outside the Andean center of origin because of photoperiod miss-adaptation, due to a poorly understood between temperature and daylength. This group may, therefore, also be representing race Nueva Granada. No representatives of race Chile (Singh, Gepts, & Debouck, 1991) could be identified here. Group K3.3 represented race Durango and perhaps also race Jalisco, although negative interaction between temperature and daylength may have limited the frequency of the latter in the gene bank, outside the center of domestication (Pullman, WA: latitude of ~47 N; daylength between ~8.5 and 16 h). Seed multiplication of photoperiod-sensitive accessions would be possible only in the winter under greenhouse conditions, assuming no interactions with temperature. Absence or at least low frequency of representatives of races Jalisco and Peru, outside their respective centers of origin in Mesoamerica and the Andes, has been observed previously (Zeven, 1997; Zeven et al., 1999) .
In contrast, the presence of wild beans from Mexico seems incongruous in a core collection devoted to domesticated types. Either these wild bean accessions are removed and included in a wild P. vulgaris core collection or additional wild beans representing the populations distributed in Central America and the Andes are included in this core collection.
Recent studies have studied diversity of wild beans (Tohme et al., 1996; Ariani et al., 2016 Ariani et al., , 2018 .
We recommend to the National Plant Germplasm System in general, and the Western Regional Plant Introduction Station specifically, that this core collection be revised to broaden its coverage. Several approaches can be attempted to develop a more representative collection (Corak, Ellison, Simon, Spooner, & Dawson, 2019) . First, separate core collections should be established for wild and domesticated types, for several reasons. Plant breeders are more likely to broaden the genetic diversity of their respective programs with domesticated types than with wild types. Wild types generally require different cultivation conditions, such as long nights to a complete reproductive cycle yielding seeds in common bean. Second, additional domesticated materials should be considered, particularly of races Jalisco and Guatemala in the Mesoamerican gene pool and races Peru and Chile in the Andean gene pool. An increase in the number of SNPs would also be desirable to facilitate genome-wide association approaches, in addition to genetic diversity and relationship studies.
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